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© Method for separating long-chain nucleic acids. 

© Long-chain nucleic acids are separated from oth- 
er substances from solutions containing nucleic ac- 
ids and other materials, and more particularly nucleic 
acid/protein mixtures from biotechnical preparations 
from bacteria,, viruses, animal and vegetable tissues 
and cells as well as body liquids, more particularly 
cell ingredients and/or degradation products thereof 
as well as components of body liquids which compo- 
nents are not long-chain nucleic acids, by that the 
long-chain nucleic acids in the nucleic acid-contain- 
ing solutions, or after disintegration under mild con- 
ditions of the tissue cells and/or cells from body 
liquids are fixed on a porous matrix, whereas the 
substances to be separated therefrom are washed 
out from the matrix, and the fixed nucleic acids, if 
desired, are subsequently removed from the matrix, 
A device for carrying out the method preferably 
consists oi a cartridge (1) containing the porous 
matrix (ii) and having at least one inlet opening (3) 
and at least one outlet opening (4). 





1 '^^"^ 











1 



0 268 946 



2 



METHOD FOR SEPARATING LONG-CHAIN NUCLEIC ACIDS 



The present invention relates to the separation 
of long-chain nucleic acids from other substances 
from solutions containing nucleic acics and other 
materials, and more particularly nucleic acid/proiein 
mixtures from biotechnical preparations from bac- 
teria, viruses, animal and vegetable tissues and 
cells, more paaicularty cell ingredients and/or deg- 
» radation products thereof as well as components of 
body liquids which components are not long-chain 
nucleic acids, and to the device for carrying out the 
method. 

The preparation of nucleic acid from natural 
sources, and more particularly from viruses, bac- 
terial and eucaryotic cells, cell aggrecaies or tis- 
sues as well as body liquids is a key technique for 
various preparative ,^nd analytical problem solu- 
tions in biology and medicine. Some imponant 
applications may be mentioned by way of example 
hereinafter: 

Molecular biology uses vehicles capable of 
replicating for DNA fragments which include pias- 
mides, phages, viruses etc.. in order to be able to 
use the DNA-or RNA-processing enzymes,, first a 
highly purified DNA or RNA is needed. The same 
is applicable to genetical analytics of, for example, 
viruses from tissue liquid or genomic DNA from 
tissue. Since for a . specific detection of certain 
characteristics of nucleic acids such as, for exam- 
pie, restriction polymorphisms, said nucleic acids 
prior to analysis are subjected to an enzymatic 
degradation, they must be present in such a purity 
that these methods of enzymatic are usable. The 
methods so far known do not allow to extract and 
to concentrate the DNA/RNA by following similar 
and simple instructions for operation from starling 
m.aterials being so different as solutions containing 
nucleic acids and other materials, more particularly 
nucleic acid/protein mixtures from a bioiechnolog- 
ical preparation, tissue, blood, sputum, cell cul- 
tures, bacteria, fungi, renal and fecal excrements. 

The problems will become more clearly evident 
in consideration of virus diagnostics, for example 
the detection of Hepatitis B-DNA in blood and liver 
biopsies, the individual assignment in criminialist- 
ics. forensic medicine or paternity analysis, wherein 
the analytical methods to be employed require 
cellular nucleic acids from very different sources 
such as soerms. tissue (fresh, carbonized, frozen, 
dried etc.) for use in the lechnically comparable, 
kind of subsequent analysis. 

The methods as so far known for the purifica- 
tion of long-chain nucleic acids require cen:rifuga- 
tion steps: of extended duration or aqueous 
phenoltwo-phase extractions. Such procedures are 
ra:her intensive in personnel and equiomeni cost 



and. moreover, too expensive to be simply realiz- 
able in an automated operation. Furthermore, the 
known and conventionally used purification meth- 
ods involve the use of expensive' equipment such 
5 as cooled centrifuges and ultracentrifuges which, in 
•addition, consume valuable materials such as 
cesium chloride for density gradient centrifuoation 
and rotor insertions for one-time use. 

A method described in EF-A-0 104 210 and 
70 based on the use of HPLC devices is suitable for a 
chromatographic separation of nucleic acids; how- 
ever, long-chain nucleic acids such as, for exam- 
ple, X-phage DNA, are damaged by the mechanical 
action. 

75 From Bernardi, G. (1971), "Methods in En- 

zymology" (Grossman. L. & Moldave, K.. Edit.) Vol. 
21, pages 95 to 139, Academic Press, New York, 
there has been known a method for the separation 
of nucleic acids from proteins, lower molecular 
20 weight substances and cellular components such 
as oligo-and polysaccharides by chromatographic 
purification on hydroxylapatite (HAP). This method 
has also been used for the purification of .plas- 
mides and X-phage DNA .(cf. Colman. A. et al. 
25 1978, Eur. J. Biochem. 9^. 303 to 310: Shoyab, M. 
& Sen. A.. 1978. J. Biol. Chem. 253, 6654 to 6656: 
and Johnson. T.R. & Man, J.. 1983, Anal. Biochem. 
132 . 20 to 25). However, this method is not com- 
parable to the method according to the invention. 
30 Thus, for example, the separation efficiency, ex- 
pressed in milligrams of nucleic acid per grams of 
separating gel, which amounts to about 1 mg/l g in 
the method according to the invention is about 100 
times higher than that of the HAP method. For 
35 long-chain nucleic acids the separation on HAP 
results in high losses in yield, more^pecifically of 
cellular DNA, and requires high phosphate and 
urea concentrations in the eluting buffer; which 
adversely affects further processing of the sepa- 
40 rated long-chain DNA. The known gel permeation 
procedures are not capable of separating high mo- 
lecular weight nucleic acids from other high molec- 
ular weight substances such as proteins and poly- 
saccharides, since these materials will only select 
^5 by size and shape. • 
For the direct hybridization reaction the product 
purity as obtained by known methods is usually 
sufficient. However, for a number of detection prob- 
lems the concentration of the purified lo.ng-chain 
50 nucleic acid is too low foi- allowing direct "detection - 
by hybridization. 

As examples there may be mentioned the ana- 
lysis of AIDS virus nucleic^ acids in much under- 
represented infected cells of a lymph node biopsy 
or the detection of a restriction fraomient lenoth 
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polymorpnisrTi (RFLP) in a small amount of cells 
obtained upon an amniocentesis or chorion biopsy. 

If specific nucleic acid sequences are to be 
enzymatically amplified, then the nucleic acid to be 
; amplified mus; be present in such a purity that 5 
enzymes sucn as polymerases will not be inhibited 
(Saiki. R.K. et al.. 1985. Science 230 1350 to 
1354). An essential purification step of the known 
methods is the use of a phenolic extraction in order 
to efficiently effect the removal of proteins and • 
organic agenrs which may inhibit enzymes. How- 
ever, phenol is a strong poison to skin and liver 
and should be processed only by well trained staff 
unter strict precautions. Moreover, liquid extrac- 
tions are time-consuming and intensive in person- 75 
nel. 

So far such purifications of long-chain nucleic 
acids, more particularly in molecular biology, could 
be carried out only in research institutes, for the 
known methods are time-consuming and intensive 20 
in instrumentation and cost and. moreover, due to 
the used chemical's is dangerous to health. A typi- 
cal instruction for operation may be classified into 
the following steps: 

a) the disintegration and digestion of the 25 
cells or tissues or body liquids for which a number 
of methods may be employed such as mechanical 
methods (for example milling) in combination with 
other physical methods (for example a boiling pro- 
cedure - "Koch-Verfahren"). with enzymatic meth- 30 
ods (using, for example, proteinase K, lysozyme 
etc.) and with chemical methods (using; for exam- 
ple, sodium hydroxide solution, diethyl pyrocar- 
bonate) and which renders the cell contents acces- 
sible to further enzymes and reagents: 35 

b) a coarse clarification of the solution from 
cell debris by means of a centrifuge; 

c) steps for the removal of proteins and first 
accumulation of the nucleic acid, usually by utiliza- 
tion of a two-phase system consisting of phenolic 40 
phase/aqueous phase: and 

d) high purification techniques such as ul- 
tracentrifugation. 

The known methods for purifying long-chain 
nucleic acids ( > 20 kB - molecular weight > 13 45 
million Dalton) have in common that they are dif- 
ficult to rationalize if the nucleic acid preparations 
are to be carried out as routine operations. Such 
condition, for example, exists in laboratories of 
molecular biology which permanently have to pro- so 
vide highly pure plasmides or phage DNA. 

In medical diagnostics there is an urgent de- 
mand to obtain new information and knowledoe 
from the analysis of genetic material. Hereto, the 
problem of hepatitis diagnostics may be men- 
tioned, where only the direct detection of the virus 
will provide information on the infectiosity. or the 
genetic detection of a genetically caused protein 



defiaeny. for example of a thatessemiar The- work- 
up of the material to be analyzed (DNA or RNA) 
more particularly with large sample numbers, has 
proven- to be crucial barrier on the route to a 
genet.cs-based diagnostics, if the laner should 
match the known serologic methods with respect to 
the applicability thereof to large sample pdpula-^ 

tions. ' :: ' 

The importance of an automated hue l^ic acid 
work-up is extremely high. This mode of operation 
IS a pre-requisite for a generally applicable 
genetics-based diagnostics which with respect to 
the importance thereof could correspond . to the 
widely used methods of serologic diagnostics. Both 
methods ...cover areas, the respective information 
obtainable from which will add up to each other -in 
a complementary manner. 

While in immunology the cell or virus products 
could be qualitatively and quantitatively deter- 
mined, by genomic analysis the diagnosis is veri- 
fied on the level of the- information store of the 
nucieic acid. 

Gene technology enables an extremely high- 
resolving diagnostics to be effected due to the fact 
that nearly each individual structural element of the 
genetic store comprising up to billions of structural 
elements can be examined. The procedure allows 
to determine the presence or absence of infectious 
genetic material, for example of an AIDS causation- 
ist. or to recognize genetic diseases such as mus- 
cle dystrophia without gene products having to be 
expressed, for example in the form of 
protein/antigens, or the absence thereof havino to 
be determined 

Furthermore, biotechnology, and more specifi- 
cally gene technology, enables products to be pro- 
duced by means of transformed microorganisms. 
However, under this aspect there arises a very 
serious problem from that it cannot be excluded 
that upon use of products having been prepared by 
biotechnology potentially noxious genetic informa- 
tion is taken over into the cell or into the genetic 
information, respectively, of the user and there 
cause transformation, infection, resistance to anti- 
biotics etc. to occur. 

The problem is all the more serious as recently 
increasedly homologous transformed' cell systems 
are employed in the place of organisms such as E. 
coli. or yeast, such as. e.g.. hamster ovar cells, 
hum.an fibroblasts, cancer cells etc .. This is pursu- 
ant to the goal, if possible-, to produce humah- 
ideniical protein products whicn with respect ' ic 
conformation and, above all, modification such as 
glyccsylation and other post-translational modifica- 
tions are equal to human proteins. 

However, simultaneously therewith the danger 
IS enmnced of a possible transformation of hum.an 
cells of a patient by homologous DNA sequences 
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or adapted vector systems having their properties 
such as self-reproducibility, resistance behavior, 
presence of strong promotors. enhancer elements, 
oncogenetic inforhnation such as "gene dose" ef- 
fects. Such apprehensions were uttered aiso with 
respect to genetic information- obtained from E. coli 
. yeast. B. subtilis etc .. Thus, the danger exis:s~of 
that preparations contain nucleic acid which either 
directly acts as a pathogen, such as in the case of 
certain viruses and of oncogenetic DNA. or which 
may indirectly act to initiate a cancer t^y becoming 
integrated in the receptor DNA and initiating muta- 
tions thereupon. This is why it is desirable that all 
therapeutic products as much as possible are free 
from nucleic acids. Thus, the American health 
authorities {Food and Drug Administration (FDA)} 
for the time being recomnr^ends that not more than 
a dose of 1 to 10 pg/day of DNA should be 
administered. 

Upon application of the methods according to 
prior an, depending on the kind of producing sys- 
tem, in the first steps of purification of the bioiech- 
nically prepared products varying amounts of nu- 
cleic acid are obtained. Only traces of contaminat- 
ing nucleic acid are present once the celles con- 
tinuously secrete the synthetized product so that 
only undesiredly lyzed cells will significantly re- 
lease nucleic acids. However, the total cell equiv- 
alent of nucleic acids may also occur as contami- 
nation, if after batch production the host cells are 
completely lyzed for intended product release or 
being killed, in this latter case the first step fre- 
quently is the precipitation of the DNA.'RNA by 
polycations such as polyimine. However, this step 
does not lead to a complete removal of the sub- 
stances. 

Therefore, it is the object of the present inven- 
tion to provide a process for removing long-chain 
nucleic acids from tissues and body liquids which 

a) in a similar manner allows the nucleic 
acids to be extracted and concentrated from the 
most, various starting materials such as tissue, 
blood, sputum, cell cultures, bacteria, fungi, renal 
and fecal excrements as well as vegetable tissue 
from callus cultures, roots etc.. 

b) requires no long-time centrifugation steps, 
and more specifically no ultracentrifugation. 

c) can be carried out without expensive 
equipment, and more specifially without refriger- 
ated centrifuges and ultracentrifuges. and without 
using valuable material such as cesium chloride for 
density gradients or rotor insertions for one-lime 
use. 

d) ensures high purity of the nucleic acid to 
be attained. 

e) works without phenolic extraction step. 

and 



f) is suitable for being automated, and' by 
means of extraction of the long-chain nucleic acid 
separates mixtures of long-chain nucleic acids and 
other materials such as those obtained when pro- 
5 ducts are bioiechnologically produced. 

In the EP-A-0 104 2i0 there has been de- 
scribed a method for separating nucleic acids up to 
plasmide size ( < 10 000 base pair? -s. 6 million 
Dalton). By using the material described therein 
w which is distinguished by that a highly porous 
silicagel provided with an anion exchanger coating 
and employed in HPLC chrom.atography is used as 
a carrier, for example., pre-purified plasmides may 
be prepared in a highly pure state. Nevertheless. 
75 here also centrifugation steps and precipitation 
steps are necessary which are not suitable for 
application in bulk . analysis and preparation, re-- 
spectively. One crucial drawback consists of that 
for larger molecules, for example X-phage DNA. 
20 during the chromatographic separation of panicles 
< 10 um the shear forces become so high that 
intact molecules cannot be recovered any more. 
This is all the more applicable to cellular DNA 
having the multiple length of X-phage DNA. 
25 The object of the present invention is anained 

by a method wherein the long-chain nucleic acids 
from bacteria cells, viruses, vegetable and animal 
tissue ceils and/or cells from body liquids after 
disintegration under mild conditions or from mix- 
30 tures containing nucleic acids and other materials, 
more specifically nucleic acid/protein mixtures from 
a biotechnical preparation, are fixed on a porous 
matrix, whereas the substances to be separated 
therefrom are washed out from the matrix, and the 
35 fixed nucleic acids are subsequently removed from 
the matrix. 

The porous matrix preferably consists of a ma- 
terial for chromatography on the base of siiicagel, 
diatomite. aluminum oxide, titanium dioxide, 

40 . hydroxylapatite. dextran, agarose, acrylamide, poly- 
styrene, polyvinyl alcohol or other- organic poly- 
mers, derivatives or of copolymers of the above- 
mentioned carrier materials, the surfaces of which 
preferably have been modified, more specifically 

^5 with chemical groups exibiting anion exchanger 
activities. 

In a particularly preferred embodiment the- po- 
rous matrix consists of modified silicagel particles 
having a particle size of from 15 to 250 um. and 

50 preferably from 25 to 40 um. The poi-es have 
diameters of from 100 to 2.500 nm. and preferably, 
of about 400 nm. The modification of the silicagel 
is preferred to be effected by reacting the carrier 
material to form a silanating reagent to form an 

55 anion exchanger. 

As has been disclosed in the EP-A-0 104 2i0 
this reaction employs -y-Qlycidyloxypropyl 
trimethoxysilane and N.N-dimethylaminoethanol as 
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reactants- 

The process according to the invention, inter 

- alia, makes it possible to avord a phenolic extrac- 
■ tion of the digestion mixture for purifying the long- 
chain nucleic acids from interfering components. 

- An^e process according to the invention it is 
recommended to use hydrophilic surfaces, since 

- nucleic acids, and more particularly long-chain nu- 
cleic acids, tend to strongly interact with the matrix, 
if salt solutions of high ionic strength are used. The 
strong hydrophobic interactions may give rise to 

• contamination and yield problems. 

The mild enzymatic proteolysis may be carried 
out either alone or in combination with the applica- 
tion of mechanical means. A number of methods 
are available, namely mechanical methods (for ex- 
ample milling) in combination with other physical 
methods (for example a boiling procedure • "Koch- 
Verfahren"). enzymatic, methods (using, for exam- 
pie. proteinase K, lysozyme etc.) and chemical 
methods (using, for" example, sodium hydroxide 
solution, diethyl pyrocarbonate). 

These methods may be employed either alone 
by themselves or in combination with the method 
according to the invention for the extraction of 
long-chain nucleic acids. Some of these known 
methods {T, Maniatis. E.F. Fritsch. J. Sambrook 
(CSH), 1982. "Molecular cloning" (C.S.H.)} utilize 
sodium dodecylsulfate (SDS) or Sarcosyl® as de- 
tergent or solubilizing and protein-denaturing agent. 
In the presence of more than 0.1% of SDS 
(preferred to be used are from 0.1 to 2%) the bond 
of DNA/RNA to the polycationic surface of the 
carrier is affected and greatly reduced. If a use of 
SDS is inevitable for the digestion, then the aque- 
ous phase must be admixed with phenol and/or 
-Chloroform, i.e. a liquid-liquid extraction is neces- 
sary in order to remove the SDS. An alternative is 
constituted by a step of solid phase extraction by 
means of hydrophobically coated carriers 
(reversed-phase carriers) prior to employing meth- 
od according to the invention. 

in the method according to the invention the 
substances to be separated from the long-chain 
nucleic acids are removed by thoroughly washing 
them out with a washing solution of low ionic 
strength. The eluate formed is virtually free of long- 
chain nucleic acids. This is particularly advanta- 
geous in the removal of long-chain nucleic acids 
from products having been biotechnologically pro- 
duced. The method according to the invention al- 
lows a separation to be effected of more than 99% 
up to 100% of long-chain nucleic acids from nu- 
cleic acid/protein mixtures. 

The porous matrix employed in practicing the 
method according to the present invention specifi- 



cally complies with the following criteria which 
make it particularly useful for removing. |png-chairi- 
nucleic acids from nucleic aciaprotein mixtures: 
1- High affinity to long-chain nucleic acids: 
5 2. low affinity to other materials, and more 

panicularly to proteins: 

3. no unspecific interactions with other ma-! 
terials such as proteins: - • - . 

4. no unspecific retention of other materialsT 
70 more specifically qf proteins due tQjnclusions as 

physically caused (narrow pores): 

5. sterilizability; 

6: low bleed-off of the porous matrix: 

7. no toxic decomposition products of the 
75 porous matrix; 

8. high capacity of the ■ porous matrix for 
nucleic acids; 

9. regenerability; 

10. physiological elution conditions; and 
"II. high process flow velocity. 

The separation, of the long-chain nucleic acid 
from the matrix is effected by rinsing the porous 
matrix with a solution of high ionic strength (salt 
concentration). 
25 In the purification of plasmide-DNA, for exam- 

ple from recombinant E. coii. bacteria, various 
methods may be employed for the disintegration of 
the host cells. All of these methods after centrifuga- 
tion at about 12.000 g produce the so-called clear 
30 lysate, a clear supernatant having been mostly rid 
of cell debris and chromosomal DNA. which super- 
natant contains plasmide-DNA, RNA. proteins and 
other soluble components. Here may be mentioned 
the lysozyme/Triton method or SDS method, re- 
35 spectively (cf. Maniatis et al.). the NaOH/SDS 
method (Birnboim. H.C. & Doly. 1.. 1979. Nucl. 
Acids Res. 7. 1513 to 1523: Ish-Horowicz, D. & 
Burke. J.F., 1981, Nucl. Acids Res. 9. 2989 bis 
2998), the phenol method (Klein. R.D, et al., 1980. 
40 Plasmid 3. 88 to 91) and the "Boilin"^ "method 
(Holmes, D.S. & Quigley, M.. 1981. Anal. Biochem.- 
m. 193 to 197). 

The clear lysates, if they do not contain signifi- 
cant amounts (< 0,01%) of ionic detergents such 
45 as SDS. they may be directly purified by means of - 
the method according to the present invention, 
whereby in response to the selection of suitable ^ 
conditions of ionic strength (preferably from 0.5 to 
0.7 M). for example, proteins/ lipids, RNA and' " 
50 smaller molecules are separated via adsorption to 
the porous matrix from long-chain DNA. more spe- 
cifically DNA from plasmides. the latter materials 
being bound to the carrier material. The addition of 
urea to the loading buffer does not affect the bind- 
£5 ing behavior of the long-chain DNA. while, however, 
it optimizes thig separation efficiency with respect 
to proteins. Thereby the high capacity of this ma- 
terial of about 1 ug of nucleic acid per 1 mg of the 
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porous matrix is specifically exploited (or DNA in 
spue of the high molar excess of cellular f=lNA, 

Unspecifically tx)uncJ RNA and proteins are re- 
moved from the porous matrix in few washing 
sieps by washing with butter solutions of low ionic s 
strength. Then the elution is carried ou; by extract-, 
ing the matrix with buffers of high ionic strength. 

Due to the unusually liigh separation effrciency 
of the method according to the invention between 
RNA./protein, on the one hand, and long-chain DNA. to 
on the other hand, subsequent RNase. and possi- 
* ble proteinase, ireatment(s) as usually employed 
will not be required. If the clear lysate is SDS-free. 
such as after a potassium acetate precipitation or 
as produced by a lysozyme/TritonX-lOOe- lyse, 75 
after adjustment of an ionic strength of from 0.5 to 
0.7 M the lysate may be directly passed through 
the porous matrix in order to extract long-chain 
plasmides. Otherwise, SDS and proteins may first 
be extracted by phenoiization and admixing with 20 
chiordform, followed by DNA extraction by means 
of the process according to the invention. Phenol 
dissolved in the lysate does not interfere with the 
plasmide-binding property of the porous matrix. 

If the volumes of the lysates are very large, it 25 
is recommended first to precipitate DNA with poly- 
ethylene glycol (PEG), ethanol or isopropanol. 
Then the pellet is dissolved in tris-buffer. the solu- 
tion is adjusted to the desired ionic strength and 
passed through the porous matrix. Thereby DNS is 30 
extracted from the solution, washed with buffers 
having lower ionic strengths in subsequent washing 
operations and thereafter re-extracted with tris-buff- 
er of high ionic strength. Then, if desired. DNA 
may be desalted by a) dialysis, b) precipitation or 35 
c) gel permeation chromatography. 

The plasmide-DNA isolated by means of the 
method according to the invention exhibits prop- 
erties which are at least as good as those of the 
DNA isolated by using known purification methods. 
The piasmide DNA may be processed with restric- 
tion enzymes and DNA ligases; it is further capable 
of being sequenced or transfected. 

X-Phages are vehicles frequently used for the 
transpoaation of recombinant nucleic acids and are 
preferred over the piasmide vectors for many ap- 
plications, as they 

a) aft^r protein encapsulation (in vitro pack- 
aging) very efficiently introduce alien DNA into 
cells and. thus, are suitable for establishing com- 50 
prehensive gene banks; 

b) may take in small as well as very large 
DNA fragments: 

c) have good storability; 

d) and are easy to cultivate. 55 
Many cloning experiments start with establish- 
ing a X-gene bank, and more specifically a ran- 
domly established gene bank. As in this stage only 



an insyfficjently characterized DNA is employed, 
warranting biological* safety is bften a prbblem. 
Thus, for example, in cloning oncogenetic sub- 
stances or viral sequences (HTLV-III/LAV-i) safety 
strains and safety phages of the biological safety 
level 2 (E2) have to be employed and processed 
under high laboratory safety conditions (L2 or L3; 
ZKBS, Berlin: cf.. V-th revised version of handlina 
newly re-combined DNA). In the course thereof", 
work-up steps such as centrifugations, and more 
paaicularly elaborate, time-consuming and expen- 
sive cesium chloride-gradient centrifugations and 
harvesting the phages constitute safety problems 
for laboratory and staff. 

The method according to the inventions ren- 
ders it possible to purify phages /phage-DNA by 
evading centrifugation steps. A grown or lyzed bac- 
terial culture may be completely worked up. if 
desired, in a sterile bank to yield X-DNA having a 
purity conforming to that of cesium chloride-puri- 
fied preparations. 

Also a single-stranded DNA. for example Ml 3 
phage-DNA, can be purified by using the method 
according to the present invention. From cell 
lysates single-stranded DNA in high yield and pu- 
rity may be used for sequencing and hybridization 
experiments. After the phages have been isolated, 
the single-stranded DNA is released and adsorbed 
on the porous matrix. The interfering components 
are removed by washing. 

For an isolation of cellular DNA from tissue of 
various origin the material is disintegrated and di- 
gested using known methods. Thus, a mechanical 
homogenization. for example under nitrogen, in a 
ball mill or by efficient maceration and shearing of 
the material, is followed by a proteolytic digestion 
in the presence of denaturing and/or solubilizing 
agents. Proteinase K is a preferred enzyme for the 
proteolytic digestion, as it efficiently leads to a lysis 
of cells, and cell, nuclei even in the presence of 1 % 
of SDS and EDTA. According to prior an, SDS and 
the proteins have to be removed by time-consum- 
ing liquid-liquid extractions, which steps are fol- 
lowed by a dialysis and precipitation of DNA. This 
procedure is elaborate and difficult to automate. 
However, the method according to the invention 
allows to bring long-chain DNA into solution under 
mild conditions from the sample materials as men- 
tioned above, to fix the DNA on the porous matrix- 
while evading any steps of phenol extraction, and 
subsequently to elute the DNA under mild con- 
ditions in 3 small volume (0.5 to 5 mi, and prefer- 
ably 1 to 3 ml). 

Infections with viruses play an impoaant role in 
transfusion and transplantation medicine and gen- 
erally in immunosuppressed patients. For example, 
an acute CMV (cytomegalovirus) infection can be 
detected by an analysis of renal excrements. Ac- 
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cording to the state of prtor an the bacteria are 
separated from urine by ; a, filtration step or low- 
speed centrifugation step, and thereafter the virus- 
DNA is released from the protein sheath and puri- 
fied by concentration as simultaneously occurring. 
To this end ultracentrifuges were used in prior art. 

The method according lo the invention utilizes 
the described porous matrix by lyzing the CMV 
viruses in situ by addition of urea, detergent and 
buffer, whereupon the DNA {130 to 150 ^ lO^ 
^ Dalton) is released. The DNA is then concentrated ' 
by adsorption onto the porous matrix and washed 
with buffer solutions having low ionic strength. 
Thereafter the DNA is eluted using a buffer of high 
ionic strength. If further analysis if followed by a 
dot-blot technique, it is not required to desalt the 
DNA. 

The use of a porous matrix consisting of a 
chromatography material on the base of silicagel, 
diatomite. aluminum oxide, titanium dioxide, 
hydroxyiapatite, dextran, agarose, acrylamide, poly- 
styrene, polyvinyl alcohol or other organic poly- 
mers, derivatives or of copolymers of the above- 
mentioned carrier materials, the surfaces of which 
preferably have been modified so that the matrix 
exibtts anion exchanger activities, warrants the ad- 
vantages of the method according to the invention. 
The particle size of the porous matrix based on 
silicagel is. for example. 15 to 250 urn. and prefer- 
ably 25 to 40 urn, and the pore diameter is 50 to 
2,500 nm, and preferably about 400 nm. 

The device for carrying out the method accord- 
ing to the invention consists of a container made of 
a material which is resistant to the operation con- 
ditions in accordance with the method of the inven- 
tion. The container receives the porous matrix and 
has at least one inlet and outlet openings each. 

Figure 1 shows schem.aticiy the container, ac- 
cording to a preferred embodiment, for the porous 
matrix consists of a cartridge ^, which preferably 
forms a substantially cylindrical hollow body and 
the side walls 2 of which consist of a material 
which is resistant to the working conditions 
(presence of more or less aggressive chemicals 
and corrosive salts). The side walls 2 preferably 
are made of a plastics material. Particularly simple 
IS the preparation of the canridges by using a 
shrink tube, for example one made of poly- 
tetrafluoroethylene (PTFE). 

The inlet opening 3 and outlet opening 4 are 
delimited by filters 5 a and 5 b. In a preferred 
embodiment the filter consists of a hydrophilic ma- 
terial such as glass, hydrophilic plastics or plastics 
material coated with a hydrophilic material. How- 
ever, hydrophobic materials may also be em- 
ployed. The inlet opening 3 may optionally be 
shaped sro that a Luer Lock system 6 is directly 
connectable to the inlet cannula. The outlet open- 



ing 4. in a preferred embodiment, has an- internal 
tube 8. preferably made of silicone, which is con- 
nected to the filter 5 b and preferably does not 
exceed the end of the outlet cannula 9. The eluete 
5 from the canridge is discharged by a tube io' 
which preferably is made oi a plastics material, and 
particularly of a hydrophilic plastics material. Nev- 
ertheless, hydrophobic plastics materials such' as 
PTFE may be used as well. The container .may 
also be manufactured by injection moldinc. 

Figure 2 shows schemaiicly another preferred 
embodiment of the container according to the Jo- 
ventiPn. which ,can preferably, be produced by 
means of injection molding. The reference signs* 
75 have the following meaning: 

1 cartridge 

2 wall 

3 inlet 

4 outlet 

20 5a porous fritt. 

5b porous fritt 
7 inlet tube 
9 outlet tube 
1 1 porous resin 
25 Figure 3 shows still another preferred embodi- 

ment of the container according to the invention. 
Also this container can be produced by injection 
molding. The reference signs have the following 
meaning: 
30 1 cartridge 

2 wall 

3 inlet 

4 outlet 

5a porous fritt 
35 5b porous fritt 

6 luer-Iock connector 

7 inlet tube 
9 outlet tube 

1 1 porous resin 
<o The internal volume of the container for the 

porous matrix 11 depends on the intended use. 
Usually for analytical procedures the internal, vol- 
ume is about 0.02 to 5 cm^. and preferably 0.1 to 1 
cm3. If solutions containing nucleic acids and other 

45 materials are to be purified on a preparative scale, 
containers having larger dimensions may be used 
as well. The porous matrix n preferably consists 
of a siiicagel-based anion exchanger. The pore 
diameter of the material is 50 to 2,500 nm.. and 

50 preferably about 400 nm, at a particle size of from ' 
15 to 250 am, and preferably 25 to 40 um. 

The mixture of disintegrated cells from tissue 
or body liquids, after proteolysis under mild con- 
ditions optionally in combination with the applica- 

55 tion of mechanical means, is introduced into the 
cartridge via the inlet opening and comes into 
intimate contact with the porous matrix. Thereupon 
the matrix extracts the long-chain nucleic acids 
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from the mixture, whereas Ihe other subsiance will 
leave the canridge via the outlet opening. Anention 
is to be paid that the applied mixture of the di- 
gested material has a low ionic strength. For exam- 
ple, at an ionic strength of about 300 mM o'. NaCI 
long-chain RNA and DNA are adsorbed, whereas 
proteins and lower molecular weight substances 
are not adsorbed t6 a significant extent; at con- 
centrations higher than 500 mM of. NaCi only long- 
chain single-stranded DNA and double-stra.ided 
DNA are bound, while at salt concentrations around 
..700 mM NaCI only long-chain double-stranded 
DNA will be adsorbecJ on the porous matrix. 

Figure 4 demonstrates the typical elution pro- 
files in NaCI-gradient elution at pH 7.0. The absor- 
bance of different substances at 260 nm is plotted 
versus NaCI concentration. This exemplary diag- 
ramm shows the very good separation of the 
biomolecules. The dotted area symbolizes the 
range in whicn proteins.^ polysaccharides, low mo- 
lecular weigh; metabolites and dyes are elutinc off 
the matrix, i his happens in the range of from 0 to 
0.4 M NaCI. At 0.1 M. for example, are eluting 
nucleotides, wnereas the standard protein BSA 
(bovine serum albumin) elutes at 0.3 M NaCI con- 
centration. The decamer linker, however elut-s at 
about 0.4 M NaCI. From the graph it can' be taken 
that tRNA elutes at 0.5 M. 5 S RNA at 0.65 M. i6 S 
and 23 S rRNA and mRNA between 0.8 M and 0.9 
M. Ml3-phage and other single-stranded (ss) DNA 
at 1.1 M, double-stranded (ds) DNA of 150 basep- 
airs at slightly below 1.2 M and finally plasmid 
DNA. for example such of the X-phage. at 1.3 M 
NaCI. respectively, the latter one slightly overlap- 
ping with the former one. The values are deter- 
mined only approximately because they might be 
varying dependfnt on the experimental conditions 
as the one skilled in the an expects. 

If the porous matrix is synthesized under con- 
Qit.ons which do not result in a maximum surface 
Charge density, then the separation profile i<: al- 
together shifted to lower ionic strengths, whereas 
the separa tion efficiency is not significantly af- 
fected. This latter effect is even desired if the DNA 
must be eluted at a lower salt concentration. 

After the sample has left the cartridoe. the 
cartndge is carefully rinsed with a washing solution 
of the desired ionic strength (as set forth above) 
whereupon the long-chain nucleic acids are desor- 
bed from the porous matrix. This is effeaed by 
eluting with a solution of high ionic strenoth. To th,s 
end, in the simples; case the second solution rr.ay 
be introduced through the same inlet opening 3 
and be drained through the same outlet ooening 4 
However, there may also be used ca.i.-idoes. if 
desired, which comprise different inlet openings 
and different outlet openings, respectively for th= 
solutions having low ionic strength and hicn ioni- 



strength. - . " . . - 

In a funher embodiment the method according 
to the invention may be realized in practice as a 
-batch- procedure which is distinouished by par- 
5 ticularly simple -handling. The batch procedure has 
the advantage of preventing shearing forces to high 
molecular weight nucleic acids. With this proce- 
dure, nucleic -acids up to 500.000 basepairs 
(molecular weight approximately 300 million dal- 
'0 ton) can be isolated on a preparative scale without 
degradation of the shearing force of sensitive mol- 
ecules. A porous matrix suitable for extracting long- 
cham nucleic acids is charged in a reaction vessel 
in a sufficient amount and intimately mixed with the 
:s sample to be extracted, with the ionic strength of 
the solution being adjusted as indicated above. The 
long-chain nucleic acids are adsorbed on the po- 
rous matrix. The contaminating components are 
removed by several washing steps. Thereafter the 
20 longchain .nucleic acids are separated under mild 
conditions from the matrix by elution using a buffer 
having the desired ionic strength. The porous ma- 
trix preferably consists of an anionic exchanger 
based on a surface-modified chromatography ma- 
25 terial from silicagel. diatomite. aluminum oxide 
titanium dioxide, hydroxylapatite. dexiran. agarose, 
acrylamide, polystyrene, polyvinyl alcohol or other 
organic polymers, derivatives or of copolymers of 
the above-mentioned carrier materials. Based on 
30 modified silicagel the pore diameter is 50 to 2.500 
nm. and preferably about 400 nm. and the particle 
size of the . is 15 to 250 am. and preferably 25 to 
40 LLrh. 

The invention is further illustrated by means of 
35 the following examples: 

EXAMPLE 1 



^0 The preparation of a plasmide"" (2860 base 

pairs) is carried out as follows: 

Subsequently to the alkali/SDS digestion pro- 
cedure a 100 ml culture is centrifuged in LB- 
.ampicillin medium (see Maniatis et al .) with 
-^5 plasmide-transformed HB-lOl E. coli cells at 5000 
g and 5 'C for 10 minutes. The supernatant is 
carefully decanted, and the cell pellet is resuspen- 
ded in 2 ml of 50 mM glucose. 25 mM of Tris-HCI 
pH 8.0. 10 mM of EDTA. 
50 The sample is allowed to sit at 20 °C for 5 

minutes. Then 4 rril of a freshly prepared 1 % SDS- 
solution in 0.2 M NaOH are added thereto and 
carefully admixed, and the mixture is incubated on 
ice for 5 minutes. Thereafter. 3 ml of a cold sodium 
55 acetate solution {3M Na-acetate. 2M acetic acid) 
are added thereto and carefully admixed, and the 
mixture is incubated on ice for another hour. After 
10 minutes of centrifugation at about lOOOO g. 10 
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a ciear plasmide-con;aining supernatan; is ob- 
tained. If potassium acetate is used instead of 
sodium acetate, most of (he SDS is precipitated. 

In the case of large lysate volumes it is recom- 
mended lirst to precipitate the DNA with PEG. 
ethanol or isopropanoL Then the pellet is dissolved 
in 10 mM of Tris-buffer pH 7.5. 1 mM of 5DTA. 
adjusted tp 0.6 M of NaCI and passed over 200 mg 
of the separating gel. Thereby the DNA (about lOO 
ug) is extracted from the solCition. In the subse- 
quent washing- step the gel phase is washed with 
> 0.8 M NaCI. 50 mM of Tris-HCI buffer pH 7.5. 1 
mM EDTA and extracted with about 1 ml or 1.2 M 
NaCI. 50 mM Tris-HCI buHer pH 7.5. 1 mM EDTA 
Thereafter the DNA may be desalted by dialysis 
precipiialion or gel permeation chromatography. 

EXAMPLE 2 

The preparation of X-phage DNA is carried out 
as follows: 

A grown and iyzed X-phage/E. coli culture (50 
ml) is cenirifuged at 5000 g and room temperature 
for 15 minutes or allowed to sit on ice auf Eis for 
30 minutes (cf. Maniatis, T. et al,). The super- 
natants or parts thereof are filtered through narrow- 
pore sterile filters, for example 0.45 urn, to retain 
intact cells or floating cell debris. 

The suspension of phages is efficiently rid of 
cellular DNA by passing it through a cartridge (Rg, 
1) at an ionic strength of from 0.5 to 0.7 M NaCI. 
The bed volume of the porous matrix is to be 
selected so that the capacity is sufficient for the 
cellular DNA released from the lyzed cells (about 
200 mg of porous matrix per 100 ml of lysate). 

The filtrate is treated with EDTA (200 mM). 
Upon simultaneous addition of 4 M of urea the 
DNA of the phages is released and by means of 
another filtration through the cartridge specifically 
adsorbed on the anion exchanger. Then the car- 
tridge is washed with 0.8 M NaCI. 50 mM Tris-HCI 
buffer pH 7.5, 1 mM EDTA, and the DNA is eluted 
with about 1 ml of 1.2 M NaCI, 50 mM Tris-HCI 
buffer pH 7.5. 1 mM EDTA, 

The phage DNA thus obtained may be 
precipitated with PEG or isopropanoi. It is also 
possible to desalt the phage DNA by means of a 
dialysis (cf. Maniatis, T. et al.). A DNA having high 
purity is obtained. 



EXAMPLE 3 

The preparation of M-IS phage DNA is carried 55 
out as follows (an analogous procedure is used for 
the preparation of single stranded DNA): 

t he phage lysate is obtained m a conventional 



manner (cf. EXAMPLE 2) bis disiritegrati.Qn:-.of ..the 
cells. After the removal of the cell.debris.vfor exam- 
pie by centrifugation at 5000 rpm for a period of 5 
minutes) RNase A is added to a final concentration 
5 Of 10 iig:m\, and an incubatior. :s allowed to occur 
a\ 37 •'C for 30 minutes. If the volume of ine lysate 
is too large, .a PEG (polyethylene giycol) precipita- 
tion of the phage is recommended. 0.3 volumes of ^ 
30% PEG and 1.5. M sodium chloride areb added • 
1o and well admixed, and^the mixiure is allowed to'sit 
on ice for -30 minutes. The precipitated bac- 
teriophage particles are separaied from the solution 
by centrifugation at 10.000 g for 15 minutes. The 
supernatant is -carefully aspirated, and the phage 
75 pellet is dissolved in 20 u.1 of 10 mM Tris. 1 mM 
EDTA, pH 7.5. Another pan by volume of extraction 
buffer (2 % TritonX-i00<5>. 7 M urea. 100 mM 
EDTA. pH 7.5) is added, and the mixture is heated 
at 50 "^C for 15 minutes to release the single- 
20 Stranded DNA. 

The caaridge is equilibraied with a buffer of 
low ionic strength comprising 400 mM sodium 
chloride. 50 mM MOPS (3-N-morpholino-pro- 
panesulfonic acid).* 15% ethanol and 1 mM EDTA 
25 at pH 7.0. The sample is passed through the car- 
tridge. Then the cartridge is carefully washed with 
a buffer having a sodium chloride concentration of 
750 mM and otherv.'ise a composition as men- 
tioned above. The single-stranded M-,i3 DNA may - 
30 be eluted using an elution buffer having a composi- 
tion of 1.1 M NaCI, 50 mM MOPS. 15% ethanol 
and 1 mM EDTA at pH 7.0. 



35 EXAMPLE 4 

The isolation of cellular DNA from sperm is 
carried out as follows: 

One hundert ni of .sperm are suspended r.in i 
^0 ml of 500 mM NaCl, 10 rhM EDTA, 40 mM, DTE 
10 mM Tris-HCI buffer pH 7.5. 1% Triton. 4^M,urea- 
and 20 ug/ml of proteinase K and incubated at 37 
•C for 2 hours. After centrifugation at about 5000 g 
for 5 minutes the supernatant is passed through 
^5 the separating gel in a cartridge. The flow velocity 
of the supernatant through the cartridge is about l 
ml/'min. 

Alternatively the "batch" process may be used. 
In said process the supernatant is intimately mixed 
with the separating gel by rotation in a 1.5 ml 
Eppendorf reaction vessel for 15 to 30 minutes. 
The next step comprises washing tne gel five times 
m the batch process or washing the gel in cartridge 
with 5 ml of washing buffer (800 mM NaCI. 50 mM 
Tris-HCI buffer pH 7.5. 1 mM EDTA). followed by 
tne elution with about l ml of 1.2 M NaCI. 50 mM 
Tris-HCI buffer pH 7.5. 1 mM EDTA. The elution 
yield is higher than 80%. The DNA may further be 
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desalted by dialysis or precipitation (cf. EXAMPLE 
1). The DNA is cuttable with restriction enrymes 
and IS suitable for analysis with'the Southern-Blo! 
method (of. T. Maniatis ei al.). 

EXAMPLE 5 

■ The preparation o( genomic DN'A from liver- 
biopsy material is carried out as follows; 

Liber, biopsy material is mechanically homog- 
.enized -according to the Potter procedure or any 
comparable method. To the homogenate prot- 
einase K. lysis buHer (cf. EXAMPLE 3); 1 0-fold' 
volume, is added and the misaure is incubated at 
37 ° C for 2 hours. The following work-up steps are 
as described in EXAMPLE 4. 



EXAMPLE 6 

The preparation of papilloma-virus DNA from 
verruca biopsy tissue is carried out as follows: 

After a mechanical disintegration (liquid nitro^ 
gen. ball mill, mechanical squeezing) of verruca 
biopsy material, in the same manner as described 
.n EXAMPLE 5 ten times the amount of lysis buffer 
IS added, the mixture is incubated at 37''C for 6 
hours, and the DNA is worked up as described in 
EXAMPLE 4. The procedure provides a high mo- 
lecular weight DNA. which is a mixture of cellular 
DNA of the human cells and papilloma-virus DNA 
from the profeolytical digested and lyzed papilloma 
virions. 



EXAMPLE 7 

The preparation of CMV (cytomegalovirus) 
DNA from urine is carried out as follows: 

CMV viruses are lyzed in situ upon addition of 
.4 M urea..-1% Triton. 500 mM NaCI, 50 mM Tri- 
HCI buffer pH 7.5. The DNA (130 to 150 * 10« 
Dalton) is released via adsorption on the porous 
matrix, concentrated in the cartridge shown in Fig- 
ure 1 and washed as described in EXAMPLE 5 
Then the DNA is eluted as described in EXAMPLE 
4. Since these operations are usually followed by a 
Dot-Blot procedure which anyway requires high salt 
concentrations to be present for binding the DNA 
to a membrane (nitrocellulose, nylon), the eluted 
DNA solution is to be adjusted to concentrations of 
0.1 M sodium hydroxide and about 2 M sodium 
chlor.de. Then a Dot-Blot is directly possible in the 
devices as conventionally used, for examole 
Minifold I and II by Schleicher & Schull. West 
Germany. 



' EXAMPLE 8 

Removal of nucleic acids from protein sulu- 
tions: 

'5 To 5 ml of a BSA (bovine serum albumin) 

solution (1 mg/ml) there were added 50 ng of pBr 
322 plasmide having tetracycline resistance 
(transformation equivalent about 800 colonies). Th- 
obtained solution was adjusted to -0.3' M NaCI to 
'0 prevent the BSA from beino bound - to th<= 
_ chromatographie material, and then twice purified 
over a canridge containing 250 mg of chromatog- 
raphy material (flow rate 5 ml/hour). Then the car- 
tndge was washed with i M NaCI. 50 mM MOPS 
'5 pH 7.0. and the bound DNA was eluted with 1.5 M 
NaCI, 15% ethanol. 1 mM EDTA and 50 mM 
MOPS pH 7.0. precipitated with isopropanol and 
transformed into E. coli. 800 colonies were count- 
ed. The effluent was dialyzed in a parallel opera- 
20 tion. and then 100 mI were also transformed. No 
resistant colonies could be determined. A compari- 
son of the transformation rates of the inital solution 
and of the eluate allows the conclusion to be drawn 
that approximately 100% of the DNA present had 
25 been removed by using the canridge. 



EXAtvlPLE 9 

30 Removal of nucleic acids from therapeutic pro- 

tein preparations: 

10 ml of human IgG (5 mg/ml) were traced with 
500 pg Eco Rl linearized pBR 322 plasmid DNA 
(10 pg DNA/mg protein). The linearized pBR 322 

35 were labelled with 32p activity, of 5 ^..^0' 

counts/min. 

The solution was adjusted to 0.3 M NaCI. 0 025 
M Na-phosphaie. pH 7.0. to prevent binding"of the 
IgG to the chromatographic resin. The protein nu- 
-0 oleic acid solution is pumped through a chromatog- 
raphy column (1 cm 5 cm) filled with 2 g of the- • 
anion exchange resin at a flow rate of 1 ml/min.' 
The flow through fraction was collected and the 
radioactivity was counted. 
^5 The column was washed with 50 ml 0.3 M 

NaCI. 0.025 M Na-phosphate, pH 7.0, at a flow rate 
of 5 ml/min. The bound nucleic acid was eluted 
with 1.5 M NaCI. 25 mM Na-phosphate. pH 7. The 
eluate fraction was collected and precipitated with 
so 1 vol. iso-propanol. The precipitated nucleic acid 
was dissolved in 0.3 M NaCI. 0.025 M Na-phos- 
phate. p.H 7.0 and the radioactivity was counted. 



55 



Resultr Startino activity: 5.000.000 cpm 
Flow through fraction: 15.000 cpm, 
Wash-fraction: 10.000 cpm 
Eluate fraction: 475.000 cpm 
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A comparison of the radioactivity led :o the 
conclusion that with this anion exchanger > o.,, .! 
ine n ,e;c acids present in a therapeui.c '^o^Z 
sample can be removed, reducing the nucle.c ac^d 
content below i pg. ""-^ 

EXAMPLE 10 



■ for -It?" ?' 'Oi-^'ons 
■or analysis of nucleic acid content- 
Low nucleic acid contents (< lOO pc-m, 
concentra-ed protein solutions (> 2 mo^ cause 
problems ,n quantitative analysis of the nucle.c add 
content of therapeutic protein preparat.ons. F r th 
sens..ve analysis by the dot-hybrid.sation method 
.ne prote.n has to be removed from the nude"' 

fc.^- -he Classical method of proteinase K dic=c. 
-on. pnenoi/chloroform extraction lead 'un- 

^eprooucible results and loss of nucleic aod^ and 

prevent the quantitative analysis 

Extraction with the silicagel based anion ex- 

cnanger g-ves a reproducible result, w.th a -cov- 

eo. o: the -solated nucleic acid, without p.;' n 

~at,on. wh,ch is suitable for puan-.::: 

10 mo Of mouse IgG of unknown nucleic a-id 
consent were dissolved in 5 ml 0.3 M NaCl, 0 0 

^tr200 'o ^ "^^^'^^e (0.4 ml, filled 

--th 200 mg sn.cagel based anion exchanoer was 

prate. pH /.o and the IgG solution was forced 
..trough at a flow rate of 0.5 ml/min. The caar do1 

Phosphate. PH 7.0. at a flow rate of 2 ml/r^in - 
b^np nuce.c add was e.uted with t.5 M NaC 

in 50 ulT' ''mt : ""'^'"'■^ ^" ^'«°'^ed 
was done . T'''''- ^""^ ^^^'/^.s 

SDe%t ' ' ^^o'-^-ybridisation method with a 

and ouanrt""""^ "^'^'^"'^'-^ ^--9 

and Quantuative recovery of nucleic add at the 

tt ntc^TS' -'V^'- 
i^-em Jiv . even at 

p-::r~;- ------ h,gh 

Claims 

1. A method for the separation of lono-c^ain 

con! inino T ''''' -I ion 

con a,n,n9 .nucle.c acids and other material^ and ' 

b^o" ChnTc'r'"'' ""^'^'^ ^^'^'P--'" fixture; from 
a!^. an. ^'^'^^^^"^ ''^"eria. viruses. 

an.rr,al ana vegetable tissues and cells as well as 



body l.p„cjc. ^ore particularly cell ingredients 
and/or degradation products thereof as well ' 
components of body liquids which comoonen^ a e 
. "-cleic acids, .characterized n -- -! 

= ne long.cna,n nucleic acids in the nuc^c aS 
conta,n,ng solut.ons. the tissue cells a.nd/or cet 
trom b,,y ,i^^,,3 ^^^^ disintegration- unde/ii , 

Z 'T °' ' porous, m-atri^-.where J 

the substances to Be- separated" therbfrom' are ' 
■0 wasned ou, from the matrix.' and the fixed nuc.4 
th^^at'^ —ntly removed from. 

2. The method according -to claim 1. characier- 
.n that the porous matrix cons.sts of a mateS, 

tom^ °T'°'^'''^ °" '^^ ^^^^ ^' ^'"c--9el. dia- 
tom.te aluminum oxide, titanium oxide hvdrox- 
yapat-te. dextran. agarose, acrylamide poly t 
rene. polyvinyl alcohol or other organic pcSyJ^Js 

tioned earner materials. 

3. The method according to anyone or c.'aimc ^ 
or 2. Characterized in that the porous matrix ,s" a 
- .er.a, for Chromatography hav.ng been modified 

based on s.l,cagel. diatomite. aluminum ox.de 
tuan.um dioxide, hydroxyl apatite, dextran. agarose"' 
acryl.rT.,ae polystyrene, polyvinyl alcohol or oth^r" 

the abo ' °^ °' -P°'y-ers f 

the above-mentioned carrier materials 

to ^ocor6\ng, to anyone of claims 1 

to 3. characterized in that the porous matrix is an 
anion exchanger. 

to 4^;r^ according to anyone of claims 1 

♦to.' '^^"^ '5 '° 250 urn and 

'he pore diameter is from 100 to 2.500 nm 

S. The method according to claim 5 ehara-.e^- 
-^ed ,n that the particle size of the silicaoel-base 

material ,s from 25 to 40 urn and the pore oW^^^ 
"0 IS aoout 400 nm. "=-r' 

7. The method according to anyone of claims t 

• "^"^'^ -ith solu- 

tions which are phenol-free. 

-5 8. The method according to anyone of claims l 

hpl\ "'^•^^'^'^ employed 

have hydrophilic surfaces. ■ 

9. The method according to anyone of claims 1 
50 miiH "''l^'^'^^^^d l^^at the disintegration under " 
50 mild conditions is effected by means of an en- 
Jymatic proteolysis and/or in the presence of dete^- 
gents and/or in the presence of denaturing agent'c 
or .n combination with mechanical procedure* 

=5 1 ,n'o' T '"^'"'^'^ ^^^"'"^'"S '° ^"yone of claims 
-5 1 .0 9. Characterized in that the substances to b= 
separated are washed out using a washing solution 
Of low ionic strength and the subsequent removal 
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of the long-cnain nucleic acid from the matrix is 
effected using a washing solution of high ionic 
strength. 

11. The method according to anyone of claims. 
1 to 10. characterized in that the long-chain nucleic 
acids are s'eparaied from the protein in an amount 
of more than 99%. - ^* 

12. The method according .to. anyone of cl-aims 
1 to 1 1 . characterized in that the long-chain*nucieic 
acids are separitea from the protein in an' amount 
of up to 100%. 

.13. The method according to anyone of claims 
1 to 12. characterized in that the separation of the 
long-chain. nucleic acids is carried out in a batch 
process. " - 

14. Use of a porous matrix for the separation of 
long-chain nucleic acids from other substances 
from solutions containing nucleic acids and other 
maierials. and more particularly nucleic acid/protein 
mixTures from biotechnical preparations from bac- 
teria, viruses, animal and vegetaole tissues and 
cells as well as body liquids, more particularly cell 
ingredients and/or degradation products thereof as 
well as components of body liquids' which compo- 
nenis are not long-chain nucleic acids, wherein the 
iong-chain nucleic acids in the nucleic acid-contain- 
'ng solutions, the tissue cells and/or ceils from ^ 
body, liquids after disintegration under mild con- 
oitions are fixed on a porous matrix, whereas the 
suostances to be separated therefrom are washed " 
out from the matrix, and the fixed nucleic acids if 
oesired, are subsequently removed from the ma- 
trix. 

15. Use of a porous matrix according to claim 
14. Characterized in that the porous matrix consists 
OT a material for chromatography on the base of 
sihcagel. diatomite. aluminum oxide, titanium oxide 
hyoroxylapatite. dextran, agarose, acrylamide poly- 
styrene, polyvinyl alcohol or other oroanic poly- 
mers, derivatives or of copolymers of 'the above- 
mentioned carrier materials. 

16. Use of a porous matrix according to any- 
one of claims 14 or 15. characterized in that the 
porous matrix is . a matehal for chromatography 
hav.ng been modified with respect to its surface 
the material being based on silicagel. diatomite 
aluminum oxide, titanium dioxide, hydroxylapatite' 
dextran. agarose, acrylamide. polystyrene, poly- 
vinyl alcohol or other organic polymers, derivatives 
or of copolymers of the above-mentioned carrier 
rriaterials. 

17. Use of a porous matrix according to any- 
one of claims 14 to 16. characterized in that the 
particle size of the silicagel-base material is from 
15 to 250 Lim and the pore diameter is from lOO to 
2.500 nm. 



18. Use of a* porous mamx according to. claim 
17. characterized in tf.ai the- panicle sizd of the 
silicagel-base material is from 25 to 40 um and the 
pore diameter is about 400 nm. 
5 19. Use of a porous ma:.'ix according to any- 

one of- claims 14 la 18. characierized in that the 
porous matrix is an aniori exchanoer. 

20. Use of a porous mairix accordino to any- 
one of claims 14 to -20. . cha.-acierized ih that the 

w long-chain nucleic acds are separated from the ■ 
protein in an amount of rtfore than 99%. 

21. Use of a porous matrix according to any- 
one of claims 14 to 20. characterized in that the 
long-chain nucleic acids are separated from the 

^5 protein in an amount of up to 100%. 

22. A device for carrying out the method ac- 
cording to Claims 1 to 12. consisting of a porous 
matrix in a container having at least one inlet 
opening and at lea^t one -outlet opening. 

20 23. The device according to claim 22. char- 

acterized in that the porous r7.atrix consists of a 
material for chrom.atograpny on the base of 
silicagei, diatomite. aluminum oxide, titanium oxide 
hydroxylapatite. dextran. agarcse. acrylamide. poly- 
25 styrene. polyvinyl alcohol or other organic poly- 
mers, derivatives or of copolymers of the above- - 
mentioned carrier materials. 

24. The device according to anyone of claims 
22 or 23, characterized in that the porous miatrix is 
■ 30 a material for chromatograpny having been modi- 
fied with respect to its surface, the materiaf being 
based on silicagel. diatomite. aluminum oxide, 
titanium dioxide, hydroxylapatite, dextran. agarose.* 
acrylamide. polystytene, polyvinyl alcohol or other 
35 organic polymers, derivatives or of copolymers of 
■the above-mentioned carrier materials. 

25. The device according to anyone of claims 
22 to 24. characterized in that the porous matrix 
consists of an anion exchanger. 
^0 ^ 26. The device according to anyone of claims 
22 to 25. characterized in that the container is a 
cartridge (1). 

27. The device according to anyone of claims 

22 to 26, characterized in that the cartridoe (1) has 

^5 at least one inlet opening (3) and at least one outlet 
opening (4). 

28. The device according to anyone of claims 
22 to 27, characterized in that the side walls (2) of 
the cartridge (1 ) consist of a plastics material. 

50 29. The device according to claim 28. char- 

acterized in that the plastics material is PTFE. 

30. The device according to anyone of claims 
22 to 27. characterized in that the side walls (2) of 
the cartridge (1) consist of a hydrophilic material. 
£5 31. I he device according to anyone of claims 

22 to 28 and 30. characterized in that filters {5a) 
and (5b) defining the cartridge (1) consist of a 
hydrophilic m.aterial. 
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32. The device according to anyone of claims 
22 to 31, characterized in that the device is manu- 
tactured by injection moldino. 
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